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Introduction:
20
The use of supplementary cementitious material (SCM) can reduce the energy and CO 2 21 intensity of concrete. Natural SCMs have received increasing interest because of their high 22 reactivity, low cost, and availability in some regions where other SCMs are not available.
23
Agricultural residue ash (ARA) such as rice husk ash (RHA) and sugarcane bagasse ash have 24 been championed as SCMs that can greatly enhance strength and durability of concrete (Salas, et 25 al. 2009; Feng, et al. 2004; Nair, et al. 2006; Cordeiro, et al. 2006; Agarwal 2006; Tuan, et al. 26 2011; Sales and Sofia 2010). Other agro-biomass such as wheat straw (WS) and rice straw (RS) 27 could be a potential source for SCMs with similar pozzolanic reactivity to RHA. The pozzolanic 28 reaction is the reaction between a siliceous material and calcium hydroxide (CH) under water to 29 form a cementitious material, as shown in Eq. 1 (Wanson, et al. 2009 ). 
32
The pozzolanic reaction kinetics is known to be affected by many factors such as ash 33 mineralogy, surface area, and carbon content of the pozzolanic materials (Feng, et al. 2004; 34 Wanson, et al. 2010) .
35
Agro-biomass pretreatment processes can enhance ARA reactivity for use in concrete.
36
Thermochemical pretreatment techniques, such as dilute acid, have been shown to improve 37 pozzolanic reactivity by increasing surface area and amorphous silica content and decreasing 38 carbon content of RHA (Feng, et al. 2004; Wanson, et al. 2009; Chandrasekhar, et al. 2006) . In 39 the biofuel industry, thermochemical pretreatment of lignocellulosic biomass has proven to be 40 very effective hydrolysis process for ethanol production (Zheng, et al. 2009; Saha, et al. 2005; 41 Kristensen, et al. 2008; Mosier, et al. 2005) . The dilute acid pretreatments are effective in 42 removal of some hemicellulose; breakdown, re-localization, and structure change of lignin; and 43 defibration/decrystallization of cellulose of the biomass cell wall. Pretreatment of agro-biomass 44 has been shown to improve combustion properties of biomass for use as a fuel as a result of 45 leaching impurities such as Na, K, Ca, and Mg (Jenkins, et al. 2003) . These metals decrease the 46 biomass melting temperature and promote the release of unwanted byproducts during 47 combustion (Jenkins, et al. 2003) .
48
The pozzolanic properties of rice straw ash (RSA) and wheat straw ash (WSA) have been 49 examined by only a few researchers. WSA that has not been pretreated has been found to be burning conditions and subsequent reactivity in a cementitious system has not been studied.
59
Additionally, the mechanism by which pretreatments improve ARA pozzolanicity has not been 60 fully established. samples. The paste samples were mixed using a procedure previously used (Riding, et al. 2010 ).
121
Distilled water was added to the cementitious material and mixed using a vertical laboratory 122 mixer at 500 rpm for 90 seconds, followed by a 120 second rest period, and finally mixed at 123 2000 rpm for 120 seconds.
124
Isothermal calorimetry was used to study the reaction rate of ARA in a cementitious system.
125
An eight-channel isothermal calorimeter was used in this study at 23°C. 
where C(t) is the potassium concentration as a function of soaking duration (ppm), t is the time 154 passed after starting the pretreatment (days), C ult is the ultimate potassium concentration assumed 155 to be equal to the concentration measured at 24 hr of treatment (ppm), and K is the rate constant 156 of potassium dissolution. The Arrhenius plot was made by plotting the natural log of the rate 157 constant K against the reciprocal of the pretreatment temperature in Kelvins. Figure 3 shows the
158
Arrhenius plot for the rate constants calculated for the leachate K concentration for wheat straw. Mg, and K out of the biomass by pretreatments. Figure 5 shows the amorphous silica content of removal of most of the carbon. At 500°C, the optimum burning time was found to be between 199 one and two hours whereas at 600°C it was found to be less than or equal to one hour. Burning surface melting at lower temperature and trapping carbon.
222 Table 3 presents the ARA surface area determined by BET nitrogen adsorption while Figure   223 9 shows the particle-size distribution for some selected ARAs. For a given pretreatment, ashes 224 burned at 500°C for 2 hrs had higher surface area than those burned at higher temperatures. This 225 is probably because at higher temperatures melting of some material may occur eliminating 226 pores inside of the ash. The particle-size distribution was not significantly affected by 227 pretreatments. Although the surface area of unpretreated RSA and WSA were similar, pretreated
228
RSA had a larger surface area than that of pretreated WSA. shows the heat flow rate for paste samples containing RSA. The hydration rate of pretreated
249
ARA was accelerated compared to the control samples, whereas the samples with ARA that were 250 not pretreated were retarded as seen in Figure 12 and Figure 14 . The hydration acceleration is than the non-pretreated ARA.
255
Pozzolanic Reactivity
256
The decrease in CH content of cement paste samples containing ARA is a measure of the 257 ARA pozzolanic reaction. The CH content for cement paste samples with and without ARA was 258 measured using TGA at 7, 28, and 90 days of hydration as shown in Figure 15 WSA at burned at 500°C showed lower CH content than those containing RSA burned at 500°C. 
Conclusions:
281
The material physical and pozzolanic properties of wheat straw ash (WSA) and rice straw ash
282
(RSA) were studied. From this study, the following conclusions can be made: 
